Abstract-Plasma position and shape control calls for fast algorithms for plasma boundary identification, i.e. methods capable of determining the shape in a time interval not longer than the sampling time of the controller. In this paper we will present an on-line identification algorithm which realizes a trade-off between accurate plasma shape reconstruction and computational burden.
The new generation Tokamak design pays particular attention to the problem of plasma shape control. The control of plasma shape is actually the control of some geometrical descriptors of the plasma cross-section, like radius, vertical displacement, elongation, triangularity, etc. Feedback control requires on-line evaluation of these descriptors from a set of measurements. Both flux and field measurements on an external contour do, of the vacuum region R, surrounding the plasma are assumed to be available together with measurements of total plasma current and of currents flowing in the PF coils.
The plasma shape identification procedure is split into three phases: (i) an approximate expression of the flux function in the region R, is obtained from measurement data; (ii) the flux value on the plasma contour is evaluated; (iii) the geometrical descriptors of the plasma cross section are estimated.
Given the magnetic measurements on do,, the first phase consists in finding an approximate solution of the well know equation where G(T, z, ~j , zj) represents the value at p = ( T , z ) of the Green's function centered at location (~j , z j ) of the j t h poloidal coil, and where iex,,,j is the current flowing in the j t h coil. When these currents are unknown, they must be estimated together with the weighting coefficients via least square fitting of measurements. For sake of notational simplicity, in the following we assume the poloidal currents, and hence the flux yext, to be known. where e(p,po) is the v-vector of selected eigenfunctions and c the vector of unknown coefficients.
By using the notation w, Po) = [ 9 ( P l , Po), * * * 9 cg(Pn7 Po)lT the vector of fluxes at the generic set of points P = ( P I , . . . ,P,)~ can be written as
where el(P1,Po)
In order to accurately describe the flux in the region 0, with a limited number of eigenfunctions, an accurate selection of po is necessary Once the optimal values of PO and c have been found, we are potentially capable of evaluating the flux at any point of the region R, by the use of (5) and, hence, we can face the problem of finding the constant value of the flux line which contains the plasma. This flux value 9 is the smallest between the minimum value 9 1 of the flux on the limiter and the value cp(p,> of the flux at the null points p,. Since the null point is a saddle point of the flux function, it can be found as the point p , satisfying (9) and such that the Hessian matrix is sign-indefinite.
The knowledge of the flux value on the plasma contour, together with ( 5 ) , enable to numerically find a number of points on this contour, and, hence, the plasma shape geometrical descriptors.
PROPOSED ALGORITHMS FOR ON-LINE PLASMA SHAPE IDENTIFICATION
Let us assume that a set of eigenfunctions capable of accurately describing the flux generated by the plasma has been selected off-line. The main difficulty in the practical use of the conceptual procedure previously described is the evalu- Both these considerations reduce the number of elements of the table up to a fraction of uN3 for a N x N grid.
Let us now go into some details of the numerical procedures to solve the mathematical problems of the basic algorithm.
A . Main Algorithm
Determination of PO. The calculation of po as the solution of the optimization problem (8) could be done by means of a search algorithm on the N 2 nodes of the grid. Since the evaluation of the objective function requires the computation of a pseudo-inverse matrix, in order to speed-up the procedure, one can approximate the optimal value of po with the solution of the following minimization problem:
B. Fast Algorithm
The computational load of the main algorithm for plasma shape identification is essentially related to that of the search algorithms for the determination of po and p,. To limit the calculation cycle to the value required for feedback control of plasma vertical position, a "fast" identification algorithm can be coupled with the previous one. This fast algorithm, running in parallel with the main one, can provide N j intermediate estimates of the plasma geometrical main algorithm.
In each one of these N j cycles, the fast algorithm assumes as starting points for po and p , the esti- The flux gradient and Hessian in (13) can be either evaluated numerically, or replaced with gradient and Hessian of a quadratic form best fitting the computed flux in a neighborhood of &.
Of course similar considerations can be done for the evaluation of ~1 .
It is interesting to note that these refinements d o w an enhanced resolution without increasing the number of nodes of the grid.
. Determination of some points on the plasma contour. Points on the plasma boundary can be obtained, for example, by determining the intersections of the flux curve y = with a set of rays departing from po and having fixed directions. The length of each ray p; can be found through a search algorithm along the direction of each ray.
Once again a quadratic interpolation can be used in order to enhance the resolution.
-~ mates $0 and $x provided by the main algorithm. The updating of $x is made on the basis of new measurements by using a quadratic approximation of the flux function in a neighborhood of the point jZ and using updating formulas similar to (13).
The updating of po is obtained by using a quadratic approximation of the objective function in (12) in a neigborhood of $0, so that the following updating formula can be used
Of course, similar considerations can be made for the fast evaluation of cpl and the length of the rays p; centered at $0.
APPLICATION OF THE IDENTIFICATION ALGORITHM TO ITER PLASMAS
The identification algorithm proposed in the previous sections has been tested with reference to some types of ITER plasmas. The input field data were produced by using the MHD equilibrium code PRO-TEUS (see IS]). Twenty pick-up coils in the proximity of twenty flux loops were assumed located behind the first wall at a distance of 35cm; in this way two sets of twenty flux measurements were assumed to be available on two contours of the vacuum region.
Measurements of the currents flowing in the PF coils were also assumed available. A preliminary analysjs showed that the following toroidal flux eigenfunctions can identify various plasmas with a satisfactory precision: The divertor plasma with ipl = 22MA, and pp = 0.598 Ehown in Fig. 1 
Comparison between estimated values of parameters and "true" ones is made in Table 1 .
In order to evaluate the performance of the "fast" algorithm for the estimation of po, p,, and p;, two slightly different plasma configurations were considered: the first one characterized by i , l = 21MA and p p = .598, the second one with i,l = 22MA and
The results of the fast identification algorithm are pp = .445.
shown again in Table 1 . 
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